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Energy System Component Analysis

Having determined that there are no simple solutions, the CEF committee searched for solutions that
involved many components.

[ T ewiwih jiewrfpi tvskviww nr jsyv gensv egasrw xs gshj} xIi irivk} wiwicgp ijAgnirg} ipiguwn-
Agexisri higevfsri~nrk ipigwngn} nrgpyhnrk pseh fepergnrk-0 erh higevfsri~nrk jyip

52 1jAgnirg} erh IpigwiAgexsr

ljAgnirg} erh ipignnAgexisr giewyviw evi hmgywvih xskixliv Figeywi ger} ipigwiAgeasr giewyviw
evi epys sjxir ijAgnirg} giewyviw IpignnAgexisr vijiw xs x1i tvsgiw sj wdmglirk jysq ywirk e jyip
to provide the desired end use service to using electricity-powered systems. For instance, replacing
rexyvep kew jsv {exiv sv wtegi lieark xs Ikl ijAgnirg} ipigwig liex tyqtwl sv wdmglirk jusq
gasoline-powered cars to plug-in hybrid or all-electric vehicles.

Projected advances in 2050 are largely limited by turnover rates. We assumed aggressive turnover
rates that are nonetheless within the range of historical precedents. These measures include:

* All new buildings built to new energy standards starting in 2015. These standards result in
tvskviwnzip} gsvi ijAgnirx fymharkw {Ingl0) } 64840 ywi <4) piw irivk} xler Fywnriwl
ewlywyep Epp vigenrnrk Fympharkw evi il iv ekkviwnzip} visAxih sv vitpegih ew tew sj xlinv
rexyvep mjig}opi0 Jniphnrk 84 szivep ijAgnirg} ngtvsziqirw nr Fymhnrkw

* Seventy percent of building space and water heating shifts from natural gas to using electricity.

* E vihygasr sj 74) 1r tixspiyq ywi erh 94) nr rexyvep kew ywi jvsq merlwwlewlywyep
Lmop Fi eglnizih nr nrhyww} tvngevp} xlvsykl FEY ijAgnirg} kenrw erh wsqi ipigwiAgensr?
Hs{Lrm~1rk sj x1i viArirk nrhyww} ew x1i igsrsq} werwxsrw xs ywirk fusjyipi gsyph jyvkl iv
vihygi nrhywwnep jswmp jyip ywi jvsq FEY T} efsyx 59)?

*  F} 64940 ettvs|ngexip} ;4) sj ri{ pkixthyx} ziIngpiw ,PHZ-0 erh efsyx :4) sjxli aiix evi
indiv tpykinr 13fuh sv epplipigong? XK i pruynh jyip tsvasr sj zi Ingpiw me uyni i jAgni rx vipenzi
xsxshep -8 gtk jsvri{ zilngpiwl erh 9< gtk jsvxli aiix eziveki? lrgpyhnrk ipigrng zi Ingpi
miles in the average gives 87 mpgge® jsv ri{ zilngpiw erh ;6 qtkki jsvxli aiix Fywerh vem
evi 544 ipigwAih?

e Jsvxhi I}hvskir wgirews) ettvs|nqexip} :4) sjxhi 6494 PHZ aiix evi 1}hvskirlts{ivih
erh 64) evi il iv tpykinr I}Fvnh sv epplipigngd viwypark nr e ps{iv gsrzirmsrep jyip yweki
xler nr x1i rsril}hvskir wgirews? Xi ijAgnirg} sj 1hvskiritsivih zilngpiw mv efsyx <4
mpgge.

e Szivep jyip ywi nr eznexsr erh xvygow hvstw } efsyx lepj hyi xs wikrnAgerx ijAgnirg} erh
stivensrep nqtvsziqinw erhl jsv wygow) ipigaiAgensr sj wlsvxlverki zi Ingpi?

Ir xsxep) L1 Arh xlexekkviwnzi 1jAgnirg} giewyviwgsyph vihygi x1i tvsnigcih higerh jsv ipigwign}
T} 7:) vipenzi xs FEY2 Xli gensw} sj xighrspskniw rithih jsv xliwi ijAgnirg} qiewyviw evi
either currently commercial or in demonstration. Technologies in demonstration or development
Lmpp viuywvi nrrszexisr erh {nhiwtvieh gsrwyqiv ehstasr?

9  Qrpiw tiv kepsr kewspiri iuynzepi rx
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reservoirs in California, perhaps enough to last through the 21st century*? Wepri euynjiw gsyph
tvsznhi qger} higehiw sj wxsveki getegn} Fi}srh xIm0 Fyx gsvi viwievgl m viuywih xs iwefpwl
their safety and suitability for CCS.

The capacity factor® jsv jswm €l GGW mw <4)0 wsqi{ lex ps{iv xler xlex jsv rygpiev ts{iv Fyx
e ehhmasr) x1i getxyvi erh wiuyiwvensr sj xki GS, viuywiw irivk} xkex w xhir rsx ezemefpi jsv
hmwnFyxmsr2 Xk irivk} mors{r ew otevewnng pseh2: X1 ewtvexisrep ksep sj GS, capture research
m xs vihygi tevewnng pseh hs{r xs 54)2 Xl lew Fiir higsrwvexih nr xI1 pefsvexsv} Fyx rsx ex
gsqqivgnep wgepi? xbivijsvi xkmw mv e 6fr 6+ xighrspsk} riih2 lj xLivi mv e 54) tevewnng pseh jsv
GS, getxyvil xli kvsw eqsyrx sj jswimp {xl GGW getegm} riihih m 98 K[ ,jsv xli gewi {1ivi
jswmp Lnxl GGW wivziw 6 sj 954 X[ I3}v-2 LsLiazivw nj Li mam sywipziw xs 6fnr 5+ ,i2k2 gywirx
eqgnri wgvyFfirk-0 tevewnng psehw evi nr xIi rinklfsvlssh sj 74) 1 {Ingl {syphviwypxnr e riih jsv
8 K[ sjgetegn} nr xlex gewi erh nrgviewnrk x1i gswe sj ipigwngng jvsq xImw wsyvgi eggsvhnrkp}?

The build rate would be similar to nuclear power, about one plant per year (China builds one
gsrzirmsrep gseplAvih tperx efsyx iziv} x{s Liiow-2 X1i gswx sj getxyvi vigenrw uymi Ikl ex (64
0843 Q[ 12 XIi gswx sjwiuyiwvexsr nr sm erh kew viwivzsmww m e wgep jvegasr sj xli getxyvi gswmw?
Wisyph treipiriw £ viuynvih0 xLiwi evi iwngexih ex (9440444 tiv gmil ew gsqtevih xs (57 qmpisr
per mile for electricity transmission.

Renewable Electricity

California has a wide variety of renewable resources — wind, solar, biomass, geothermal, hydro, and
marine energy offshore. As estimated in several California Energy Commission studies, the total
ezemefpi viwsyvgiw evi qsvi xler wyjAgnircxs qiixxli i|tigxih higerh jsv ipigwignG viuymwih nr
2050 and beyond.

Because renewable resources (particularly wind and solar) tend to have a lower capacity factor than
other generation resources, much more renewable generation capacity would need to be built than
nr xBi sxbiv gewiw2 lj er eziveki getegn} jegxsv sj 7;) mv emyqihl erryep nrwxepih viri{efpi
energy generation would need to increase by an order of magnitude, jysq 5: K[ nr 644=xs 5:9
K[ nr 64942 Xs tyx xkmw nr tiwtigmzi0 xImw nqtmiw e kvs{xl vexi jsv {nrh ts{iv sj efsyx ;29)
tiv }iew erh jsvwspev ts{iv sj efsyx 56) tiv }iew izir {ml ewyqih nrgviewiw nr fisgew erh
geothermal power and the assumption that California’s large hydro resources remain in operation.

Most of the renewable generation technology is commercially available and much innovation is
underway to improve performance or decrease generation cost. Most renewables will become
gsqtimazi {xl e twgi jsv GS, of about $30/t. In some recent power purchase agreements, larger
solar photovoltaic (PV) facilities were priced at or below the price of new natural gas facilities
(thanks to Federal and State tax incentives), enabling them to compete with grid power. Wind energy
in areas of good wind resource can be cost-competitive given this same favorable tax treatment,
and conventional geothermal and hydropower resources are already among some of the lowest-cost
resources in California.

21 Liv~ski Ls{evh0[ injirk Pm Lsrkmerk ,Lirv}- ~erk) Qn Hnes0 Kvik Wnrkpixsr(0 erh Qevo Fslq?2 644;2[ iwx
Gsewx Vikisrep Gevfsr Wiuyiwvensr Tewriwlne> Wsyvgilinro Glevegxiwi~emsr erh Kiskvetlng lirjsvgexisr
System-Based Matching. California Energy Commission, PIER Energy-Related Environmental Research Program.
CEC-500-2007-053.

22 The net capacity factor of a power plant is ratio of the actual output of a power plant over a period of time and its
output if it had operated at full nameplate capacity the entire time.
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